Acoustic and Aerodynamic Data on Somali Chizigula Stops by Martinez, Michal Temkin & Rosenbaum, Vanessa
Boise State University
ScholarWorks
English Faculty Publications and Presentations Department of English
1-1-2017
Acoustic and Aerodynamic Data on Somali
Chizigula Stops
Michal Temkin Martinez
Boise State University
Vanessa Rosenbaum
Pages 427-447 of Africa's Endangered Languages: Documentary and Theoretical Approaches, edited by Jason Kandybowicz and Harold Torrence, 2017© is
reproduced by permission of Oxford University Press.
f n c a ' s  E n d a n g e r e d  L a n g u a g e s  
· S o m a l i a .  O n l i n e :  h t t p : / / w w w .  
m d e x a t i o n  a n d  i n c o n s i s t e n c y  
· e  a n d  m o t i v a t i o n ,  e d .  b y  S t e v e  
f  Ye r b a l  t o n e  i n  M u s h u n g u l i .  
n e :  h t t p : / / k b . o s u . e d u / d s p a c e /  
C o n s t r a i n t  i n t e r a c t i o n  i n  g e n ·  
r u s  i n  K i k a m b a .  T h e o r e t i c a l  
: \ k i n l a b i ,  3 1 3 - 3 2 7 .  T r e n t o n ,  
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1 8  
A c o u s t i c  a n d  A e r o d y n a m i c  D a t a  
o n  S o m a l i  C h i z i g u l a  S t o p s  
M i c h a l  T e m k i n  M a r t i n e z  a n d  V a n e s s a  R o s e n b a u m  
1 8 . 1 .  I n t r o d u c t i o n  
I n  r e c e n t  y e a r s ,  t r a d i t i o n a l  l a n g u a g e  d e s c r i p t i o n s  a s  w e l l  a s  p r e s e r v a t i o n  a n d  r e v i t a l -
i z a t i o n  e f f o r t s  h a v e  b e n e f i t e d  f r o m  e x p e r i m e n t a l  a p p r o a c h e s  u t i l i z e d  i n  o t h e r  f i e l d s  
o f  l i n g u i s t i c s . *  T h e  i n t e g r a t i o n  o f  p h o n e t i c  e x p e r i m e n t a l  m e t h o d s  h a s  a s s i s t e d  i n  
s c i e n t i f i c a l l y  d e f i n i n g  c e r t a i n  a r t i c u l a t o r y  a n d  a c o u s t i c  p a r a m e t e r s  t h a t  w o u l d  b e  
i m p o s s i b l e  t o  i d e n t i f y  o t h e r w i s e  ( H u d u  e t  a l .  2 0 0 9 ;  M i l l e r  2 0 0 8 ;  M i l l e r  &  F i n c h  
2 0 1 1 ) .  A d d i t i o n a l l y ,  t h e  u s e  o f  p s y c h o l i n g u i s t i c  m e t h o d s  i n  O ' G r a d y  e t  a l .  ( 2 0 0 9 )  
a i d s  i n  t h e  d o c u m e n t a t i o n  a n d  a s s e s s m e n t  o f  l a n g u a g e  f l u e n c y  f o r  l a n g u a g e  r e v i t a l -
i z a t i o n  p u r p o s e s .  T h i s  c h a p t e r  r e p o r t s  a c o u s t i c  a n d  a e r o d y n a m i c  d a t a  c o l l e c t e d  t o  
c o m p l e m e n t  t h e  d e s c r i p t i o n  o f  s t o p s  i n  S o m a l i  C h i z i g u l a .  R e s u l t s  f r o m  t h i s  s t u d y  
w i l l  a l s o  c o n t r i b u t e  t o  t h e  o n g o i n g  d i s c u s s i o n  o f  t h e  t y p o l o g y  o f  N + s t o p  s e q u e n c e s .  
1 8 .  l .  l .  L A N G U A G E  B A C K G R O U N D  
S o m a l i  C h i z i g u l a  ( a l s o  M u s h u n g u l u ;  x m a ,  0 3 1 1 )  i s  n a t i v e l y  s p o k e n  i n  t h e  L o w e r  
J u b b a  V a l l e y  i n  S o m a l i a .  T h e  l a n g u a g e  i s  a l s o  s p o k e n  b y  S o m a l i - B a n t u  r e f u g e e s  i n  
n e i g h b o r i n g  c o u n t r i e s ,  a n d  i n  t h e  d i a s p o r a  t h r o u g h o u t  t h e  U n i t e d  S t a t e s  a n d  t h e  
U n i t e d  K i n g d o m .  A  c e n s u s  c o n d u c t e d  i n  2 0 0 6  f o u n d  a p p r o x i m a t e l y  2 3 , 0 0 0  s p e a k -
e r s  i n  S o m a l i a  ( L e w i s  e t  a l .  2 0 1 3 ) .  T h e r e  i s  n o  s t a n d a r d i z e d  o r t h o g r a p h y  f o r  S o m a l i  
C h i z i g u l a ,  a n d  o n l y  o n e  b o o k  h a s  b e e n  w r i t t e n  i n  t h e  l a n g u a g e .  M o r e o v e r ,  a l t h o u g h  
t h e r e  a r e  s e v e r a l  p r e l i m i n a r y  a n a l y s e s  ( O d d e n  e t  a l .  2 0  I  l ;  P i l l i o n  2 0 1 3 )  a n d  s e v e r a l  
d o c u m e n t a t i o n  p r o j e c t s  u n d e r w a y  ( H o u t  2 0 1 2 ;  T s e  2 0 1 3 ) ,  r e l a t i v e l y  l i t t l e  i s  k n o w n  
a b o u t  t h e  l a n g u a g e .  
428 Africa's Endangered Languages 
Speakers of Somali Chizigula are descendants of slaves brought to Somalia from 
northern Tanzania in the 19th century. Many Somali-Bantu were able to escape from 
slavery and settle in the Lower Jubba Valley. In the time the Somali-Bantu have spent 
in Somalia, language contact with Italian and Somali has led to the lexicalization of 
many borrowings. 1 During the decades following the onset of the Somali civil war 
(c. 1978), many Somali-Bantu have sought refuge in neighboring countries. A large 
number of Somali Chizigula speakers also speak Somali, Swahili, and Maay. 
Kizigua (ziw, 031), the language of our speakers' ancestors, is still spoken in 
present-day Tanzania. Our comparison of lexical items in Somali Chizigula with 
those in two Kizigua dictionaries (Kisbey 1906; Mochiwa 2008) suggests that the 
two varieties' lexicons have diverged beyond the point of mutual intelligibility as a 
result of sound changes and language contact with non-Bantu languages. In recent 
years limited work has been published on Kizigua, with its main focus on stress and 
tone (Kenstowicz 1989; Kenstowicz & Kisseberth 1990; Kisseberth 1992).2 
18 .1.2. PROJECT BACKGROUND 
The present study is part of a larger documentation project begun in 2011 at the 
request of the Somali Chizigula-speaking community in Boise, Idaho, United 
States. Our research team, including Jon P. Dayley, Mwaliko Mberwa, and Michal 
Temkin Martinez, is currently in the final stages of compiling a bilingual Chizigula-
English/English-Chizigula dictionary (Dayley et al. 2017). As work has progressed 
on the dictionary, several phonetically and phonologically interesting properties 
have emerged, specifically among the stops and accompanying nasals. In addition 
to having a relatively large inventory of contrastive stops, Somali Chizigula (unlike 
Kizigua) contains implosives. The voiceless and voiced prenasalized stops differ not 
only in the voicing status of the oral portion of the stops, but also in the voicing of 
their nasal portion. It is difficult to hear the prenasalization in the voiceless series, 
so it is important to document other phonetic attributes that would presumably 
aid the listener in perceiving the contrast. For this reason, we collected aerody-
namic data to provide a more thorough description of the acoustic properties of 
the stops in the language. Jn this chapter, we first describe the stop inventory, fol-
lowed by exploratory acoustic and aerodynamic data collected. Our discussion of 
the results of this study includes implications for the typology of N+stop sequences 
and related language change. 
18.1.3. THE ROLE OF EXPERIMENTAL DATA COLLECTION 
IN THE INTERPLAY BETWEEN THEORY 
AND LANGUAGE DOCUME TATION 
In recent years, the field of documentary linguistics has moved away from relying 
on the researcher's role as observer and describer toward a more empirical approach 
to gather, record , and provide language data to speech community members as well 
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A f r i c a ' s  E n d a n g e r e d  L a n g u a g e s  
- - o t  s l a v e s  b r o u g h t  t o  S o m a l i a  f r o m  
· - B a n t u  w e r e  a b l e  t o  e s c a p e  f r o m  
- ~..;me t h e  S o m a l i - B a n t u  h a v e  s p e n t  
1 : : i . a l i  h a s  l e d  t o  t h e  l e x i c a l i z a t i o n  o f  
: :  t h e  o n s e t  o f  t h e  S o m a l i  c i v i l  w a r  
_ e m  n e i g h b o r i n g  c o u n t r i e s .  A  l a r g e  
m a l i ,  S w a h i l i ,  a n d  M a a y .  
- - e r s '  a n c e s t o r s ,  i s  s t i l l  s p o k e n  i n  
i t e m s  i n  S o m a l i  C h i z i g u l a  w i t h  
_. f o c h i w a  2 0 0 8 )  s u g g e s t s  t h a t  t h e  
t " ' i n t  o f  m u t u a l  i n t e l l i g i b i l i t y  a s  a  
- ' - n o n - B a n t u  l a n g u a g e s .  I n  r e c e n t  
w i t h  i t s  m a i n  f o c u s  o n  s t r e s s  a n d  
- i 9 9 0 ;  K i s s e b e r t h  1 9 9 2 ) .
2  
· o n  p r o j e c t  b e g u n  i n  2 0 1 1  a t  t h e  
u n i t y  i n  B o i s e ,  I d a h o ,  U n i t e d  
. _  • . ~waliko M b e r w a ,  a n d  M i c h a l  
f  c o m p i l i n g  a  b i l i n g u a l  C h i z i g u l a -
· .  2 0 1 7 ) .  A s  w o r k  h a s  p r o g r e s s e d  
~mpanying n a s a l s .  I n  a d d i t i o n  
~ c t o p s ,  S o m a l i  C h i z i g u l a  ( u n l i k e  
c e d  p r e n a s a l i z e d  s t o p s  d i f f e r  n o t  
- e  s t o p s ,  b u t  a l s o  i n  t h e  v o i c i n g  o f  
s a l i z a t i o n  i n  t h e  v o i c e l e s s  s e r i e s ,  
~:.ributes t h a t  w o u l d  p r e s u m a b l y  
•  ; . , ; r  r e a s o n ,  w e  c o l l e c t e d  a e r o d y -
- o n  o f  t h e  a c o u s t i c  p r o p e r t i e s  o f  
_  d e s c r i b e  t h e  s t o p  i n v e n t o r y ,  f o l -
d a t a  c o l l e c t e d .  O u r  d i s c u s s i o n  o f  
- ' - e  t y p o l o g y  o f  N + s t o p  s e q u e n c e s  
- h a s  m o v e d  a w a y  f r o m  r e l y i n g  
- a r d  a  m o r e  e m p i r i c a l  a p p r o a c h  
c o m m u n i t y  m e m b e r s  a s  w e l l  
S o m a l i  C h i z i g u l a  S t o p s  4 2 9  
a s  l i n g u i s t s  ( T h i e b e r g e r  2 0 0 9 ) .  W h i l e  l a n g u a g e  d o c u m e n t a t i o n  p r o j e c t s  f o c u s e d  o n  
e n d a n g e r e d  l a n g u a g e s  s e r v e  p r e d o m i n a n t l y  t o  a i d  s p e e c h  c o m m u n i t i e s  w i t h  p r e s -
e r v a t i o n  a n d  r e v i t a l i z a t i o n  e f f o r t s ,  t h e y  a l s o  h e l p  t o  i n f o r m  t y p o l o g i c a l  g e n e r a l i z a -
t i o n s  a n d  l i n g u i s t i c  t h e o r y  ( W o o d b u r y  2 0 1 1 ) .  
I n  l a n g u a g e  d o c u m e n t a t i o n ,  t h e  u s e  o f  e x p e r i m e n t a l  m e t h o d s  a n d  p h o n e t i c  
i n s t r u m e n t a t i o n  n o t  o n l y  e n h a n c e s  t h e  a b i l i t y  t o  d e s c r i b e  s o u n d  s y s t e m s  o f  u n d e r -
s t u d i e d  l a n g u a g e s ,  b u t  a l s o  s e r v e s  t o  c r u c i a l l y  l i n k  p h o n e t i c  a n a l y s i s  a n d  p h o n o l o g -
i c a l  t h e o r y ,  p r o v i d i n g  a d d i t i o n a l  m e a n s  t o  e v a l u a t e  p h o n o l o g i c a l  t h e o r i e s  ( H u d u  
e t  a l .  2 0 0 9 ) .  P r o d u c t i o n  s t u d i e s  u s i n g  a r t i c u l o g r a p h y  a n d  u l t r a s o u n d  h a v e  a i d e d  i n  
p r o v i d i n g  d a t a  f o r  t h e o r i e s  c o n c e r n i n g  t o n g u e  r o o t  p h e n o m e n a  ( H u d u  e t  a l .  2 0 0 9 ;  
M a d d i e s o n  1 9 9 3 ) ,  a n d  o t h e r s  h a v e  u s e d  a r t i c u l a t o r y  a n d  a c o u s t i c  d a t a  t o  r e c o r d  
m o r e  a c c u r a t e  d e s c r i p t i o n s  o f  t h e  s o u n d s  s t u d i e d  ( L e e - K i m  e t  a l .  2 0 1 4 ;  M i l l e r  e t  a l .  
2 0 0 9 ) .  I n  a d d i t i o n  t o  t h e s e  p r o d u c t i o n  s t u d i e s ,  t h e o r i e s  o f  p e r c e p t i o n  h a v e  a l s o  b e n -
e f i t e d  f r o m  t h e  u s e  o f  d a t a  c o l l e c t e d  d u r i n g  f i e l d w o r k  t h a t  w a s  l a t e r  m a n i p u l a t e d  
( D i C a n i o  2 0 1 2 ) .  
I n  t h e  c u r r e n t  s t u d y ,  t h e  u s e  o f  a e r o d y n a m i c  d a t a  i s  e s p e c i a l l y  p e r t i n e n t  i n  t h e  
d e s c r i p t i o n  o f  S o m a l i  C h i z i g u l a  p r e n a s a l i z e d  v o i c e l e s s  s t o p s .  I n  s o m e  o f  o u r  i n i t i a l  
c o m p a r i s o n s  w i t h  K i z i g u a ,  w e  b e l i e v e d  t h a t  t h e  p r e n a s a l i z e d  v o i c e l e s s  s t o p  f r o m  t h e  
T a n z a n i a n  v a r i e t y  h a d  u n d e r g o n e  e f f a c e m e n t  ( n t  ~nth~ t h )  i n  S o m a l i  C h i z i g u l a ,  
a s  i n  S w a h i l i  ( H y m a n  2 0 0 3 ) ,  w i t h  c o m p l e t e  e f f a c e m e n t  o c c u r r i n g  i n  w o r d - i n i t i a l  
p o s i t i o n  a n d  o n l y  p a r t i a l  d e v o i c i n g  p o s t - v o c a l i c a l l y .  I n  a  c o n v e r s a t i o n  w i t h  o u r  
m a i n  c o n s u l t a n t ,  h e  c o n f i r m e d  t h e  p r e s e n c e  o f  a  " s i l e n t "  n a s a l  i n  w o r d - i n i t i a l  p o s -
i t i o n  a n d  i l l u s t r a t e d  t h i s  w i t h  e x a g g e r a t i o n  b y  f l a r i n g  h i s  n o s t r i l s  w h e n  p r o d u c i n g  
t h e  s e g m e n t .  
1 8 . 1 . 4 .  A C O U S T I C  M E T H O D O L O G Y  
I n i t i a l  a u d i o  r e c o r d i n g s  w e r e  m a d e  u s i n g  a  S h u r e  S M  l O A  b e a d - m o u n t e d  u n i d i r e c -
t i o n a l  d y n a m i c  m i c r o p h o n e  a n d  a  Z o o m  H 4 n  r e c o r d e r  i n  a  s o u n d - a t t e n u a t e d  r o o m  .  
T h e  r e s u l t i n g  d a t a ,  p r e s e n t e d  i n  s e c t i o n  1 8 . 2 ,  c o n f i r m e d  t h e  l a c k  o f  a c t i v i t y  i n  t h e  
a c o u s t i c  s i g n a l  t h a t  l e d  t o  o u r  d e c i s i o n  t o  c o l l e c t  a e r o d y n a m i c  d a t a ,  w h i c h  w e  r e p o r t  
i n  s e c t i o n  1 8 . 3 .  T h e  s o l e  p a r t i c i p a n t  w a s  t h e  m a i n  c o n s u l t a n t  o n  t h e  d o c u m e n t a t i o n  
p r o j e c t .  D u r i n g  d a t a  c o l l e c t i o n  i n  2 0 1 3 ,  h e  w a s  2 9  y e a r s  o l d ,  h a d  l i v e d  i n  t h e  U n i t e d  
S t a t e s  f o r  s e v e n  y e a r s ,  a n d  h a d  r e c e i v e d  s o m e  h i g h  s c h o o l  e d u c a t i o n  a s  a  r e f u g e e  i n  
K e n y a .  H e  a l s o  s p e a k s  E n g l i s h ,  S w a h i l i ,  S o m a l i ,  a n d  s o m e  M a a y .  
T o k e n s  f o r  t h e s e  r e c o r d i n g s  ( a v a i l a b l e  i n  A p p e n d i x  A )  i n c l u d e  f i v e  p l o s i v e / i m p l o -
s i v e  ( n e a r - )  m i n i m a l  p a i r s ,  2 0  w o r d s  c o n t a i n i n g  t h e  p r e n a s a l i z e d  v o i c e l e s s  s t o p s ,  1 5  
w o r d s  c o n t a i n i n g  t h e  p r e n a s a l i z e d  v o i c e d  s t o p s ,  a n d  1 4  w o r d s  c o n t a i n i n g  t h e  s y l -
l a b i c  n a s a l .  V o i c e  o n s e t  t i m i n g  ( V O T )  w a s  m e a s u r e d  u s i n g  t h e  p r o c e d u r e  o u t l i n e d  
i n  L i s k e r  &  A b r a m s o n  ( 1 9 6 4 ) ,  b y  i d e n t i f y i n g  t h e  f i r s t  g l o t t a l  p u l s e  a n d  m e a s u r i n g  
t h e  l e n g t h  o f  t i m e  b e t w e e n  t h i s  p o i n t  a n d  t h e  r e l e a s e  o f  t h e  s t o p  a n d  t h e  s t a r t  o f  t h e  
f o l l o w i n g  v o w e l  b y  i d e n t i f y i n g  " a n  a b r u p t  o n s e t  o f  e n e r g y  i n  t h e  f o r m a n t  f r e q u e n c y  
r a n g e . "  
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18.2. Acoustics of stops and N +stop sequences 
The stop inventory of Somali Chizigula is relatively large. In addition to a complete 
set of voicing contrasts, it contrasts plosives and implosives, as well as prenasalized 
and plain plosives, as seen in (1 ). 
(1) Contrastive stop inventory. 
Bilabial Alveolar Palatal Dorsal 
Plosive p t k 
b d J g 
Prenasalized Plosive 111P l}t 6k 
mb nd IJ9 
Implosive 6 cf g 
Nasal m n Jl I) 
18 .2. l. VOICED PLOSIVE/IMPLOSIVE CONTRAST 
Voiced plosives and implosives in Somali Chizigula contrast in the bilabial , alve-
olar, and velar places of articulation. The plosives are slightly aspirated and are 
in lexicalized borrowings from Italian, Somali, and English . We speculate that the 
aspiration of these segments is present to maximize the contrast between loans and 
words native to Tanzanian Kizigua. The minimal pairs in (2) illustrate this contrast 
in the language. 
(2) Plosive/implosive contrasts. 
bosi [6osi] 'boss' 
bhosi [bfiosi] 'cripple(d)' 
udala [ucfala] 'stinginess' 
udhale [udfiaJe) 'greedy' 
gane [gane] 'dormitory' 
Ghana [gliana] 'Ghana' 
Acoustically, the plosive/implosive contrast is most evident in word-medial position, 
where the implosive exhibits sustained voicing throughout the closure, while in the 
plosive, voicing tapers off during the closure, leading to slight aspiration ( 17ms- 25ms) 
at the release. This is seen in the waveforms shown in (3), with thin lines marking the 
segments' borders and shading highlighting the sustained voicing of the implosive in 
(a) and the aspiration of the plosive in (b). Close-up versions of the waveforms, high-
lighting only the stops and their surrounding vowels, are in Appendix B. 
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18.2.2. N+STOP SEQUENCES 
As in many Bantu languages, word-initial N+stop sequences in Somali Chizigula 
can be either prenasalized stops or syllabic nasals followed by oral stops. 
Prenasalized stops in Somali Chizigula are homorganic, and the nasal and stop 
portions of the sounds also match in voicing, as described for other Bantu lan-
guages (Hyman 2003). 
Note that, unlike the N<;sequences described by Huffman & Hinnebusch (1998) 
in Pokomo, where voicing in the nasal is maintained partially or fully, the nasal por-
tion of voiceless prenasalized plosives in Somali Chizigula is completely voiceless. 
Prenasalized segments contrast with both non-prenasalized segments and segments 
preceded by syllabic nasals, as in (4). 
(4) Stop contrasts 
(a) pala [pala] 'bald' 
mphalala [ipphalala] ' tassle on top corn plant' 
mpaka ['Tlpaka] 'until ' 
(b) bosi 
mbeho 
mbantu 
[6osi] 
[m6eho] 
[1T16antu] 
' boss' 
'cold wind' 
'person' 
Owing to complete devoicing of the nasal portion of the prenasalized voiceless 
stop, the only acoustic cue distinguishing regular voiceless plosives from their pre-
nasalized counterparts is the aspiration following the prenasalized plosives.4 This 
aspiration, considered a "reflex" of prenasalization (Maddieson 2003), also occurs 
in other Bantu languages to varying degrees (Cewa, Kongo, Pokomo, Swahili; 
Hyman 2003; Maddieson & Ladefoged 1993). Khoisan languages demonstrate that 
aspiration of prenasalized segments is not limited to pulmonic stops, with the aspi-
ration of prenasalized clicks (Miller 2011 ; Traill 1985). A discussion of aspiration 
and effacement due to the constraint on sequences containing nasals and voiceless 
consonants follows in section 18.5. 
In the waveforms shown in (5) , we see the acoustic contrast illustrated in (4) with 
thin lines marking the labial closure. The shading highlights the audible syllabic 
nasal in (a) and nasalization in the prenasalized voiced stop in (c). The Jack of 
shading in (b) is due to the lack of activity in the acoustic signal, and the demarca-
tion of the nasal portion of the sequence was determined only after examining the 
aerodynamic data illustrated in (11). 
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(5) Acoustic contrasts for~ 
(a) .00 udio 
(b) LOO 
1.00 -
(c) 1.00 
-1.00 
Note that the release of the -
However, the VOT for the plo 
of the prenasalized voiced sro_ -
the syllabic nasal in (a). 
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•  s e q u e n c e s  i n  S o m a l i  C h i z i g u l a  
a s a l s  f o l l o w e d  b y  o r a l  s t o p s .  
- o r g a n i c ,  a n d  t h e  n a s a l  a n d  s t o p  
·  d e s c r i b e d  f o r  o t h e r  B a n t u  I a n -
: : · H u f f m a n  &  H i n n e b u s c h  ( 1 9 9 8 )  
~partially o r  f u l l y ,  t h e  n a s a l  p o r -
" h i z i g u l a  i s  c o m p l e t e l y  v o i c e l e s s .  
~-:i.asalized s e g m e n t s  a n d  s e g m e n t s  
r o m  p l a n t '  
o n  o f  t h e  p r e n a s a l i z e d  v o i c e l e s s  
- ·  o i c e l e s s  p l o s i v e s  f r o m  t h e i r  p r e -
=  t h e  p r e n a s a l i z e d  p l o s i v e s .
4  
T h i s  
; : ;  , M a d d i e s o n  2 0 0 3 ) ,  a l s o  o c c u r s  
C e w a ,  K o n g o ,  P o k o m o ,  S w a h i l i ;  
~-i.San l a n g u a g e s  d e m o n s t r a t e  t h a t  
- · o  p u l m o n i c  s t o p s ,  w i t h  t h e  a s p i -
- ) .  A  d i s c u s s i o n  o f  a s p i r a t i o n  
·  - o n t a i n i n g  n a s a l s  a n d  v o i c e l e s s  
- j c  c o n t r a s t  i l l u s t r a t e d  i n  (  4 )  w i t h  
- g  h i g h l i g h t s  t h e  a u d i b l e  s y l l a b i c  
·  o i c e d  s t o p  i n  ( c ) .  T h e  l a c k  o f  
r o u s t i c  s i g n a l ,  a n d  t h e  d e m a r c a -
S o m a l i  C h i z i g u l a  S t o p s  
( 5 )  A c o u s t i c  c o n t r a s t s  f o r  s y l l a b i c  N  + s t o p / p r e n a s a l i z e d  s e g m e n t s .  
( a )  . O O I A u d i o  
4 3 3  
ift~l~ITT~ ~~ 
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' u n t i l '  (  V O T =  2 6  m s ;  n a s a l =  1 5 0  m s )  
( b )  l i . O O ! A i i d i o  
.r~~ 
1 . 0 0  
2 5 0  -m~ 3 5 0  •  4 0 0- - 4 5 0  5 0 0 - -s s o  ~ - 6 s o  1 0 0  1 5 0  8 0 0  8 5 0  ~s0-100o 
[ T p h a l a l a ]  ' t a s s l e  o n  t o p  c o r n  p l a n t '  ( V O T =  6 1  m s )  
( c )  11 . 0 0  & i m o  
. 1 . o o l  
2 0 0  - 1 S t i  
8 0 0  
5 5 0  6 0 0  
6 5 0  1 0 0  1 5 0  
[ m f J e h o ]  
' c o l d  w i n d '  ( n a s a l =  6 8  m s )  
N o t e  t h a t  t h e  r e l e a s e  o f  t h e  v o i c e l e s s  p l o s i v e  i n  b o t h  ( a )  a n d  ( b )  r e s u l t s  i n  a  b u r s t .  
H o w e v e r ,  t h e  V O T  f o r  t h e  p l o s i v e  f o l l o w i n g  t h e  s y l l a b i c  n a s a l  i n  ( a )  i s  s u b s t a n -
t i a l l y  s h o r t e r  t h a n  t h a t  o f  t h e  p r e n a s a l i z e d  v o i c e l e s s  s t o p  i n  ( b  ) .  T h e  n a s a l  p o r t i o n  
o f  t h e  p r e n a s a l i z e d  v o i c e d  s t o p  i n  ( c )  i s ,  a s  e x p e c t e d ,  s u b s t a n t i a l l y  s h o r t e r  t h a n  
t h e  s y l l a b i c  n a s a l  i n  ( a ) .  N o t e  t h a t  S o m a l i  C h i z i g u l a  p r e n a s a l i z e d  v o i c e d  s t o p s  a r e  
8 5 0  
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imploded, as is seen by the relatively high sustained amplitude in the voicing of the 
oral portion of the segment following the shaded nasal in (c). Cross-linguistically, 
such sequences are rare and normally occur only across morpheme boundaries 
(Maddieson & Ladefoged 1993). 
In word-medial N+stop sequences, the voicing of the nasal matches the voic-
ing of the following stop, even when the segment preceding the nasal is voiced. 
Additionally, the aspiration reflex is still present following the release of the voice-
less stop. This is illustrated in (6), with thin lines marking the onset of voicing for 
the vowel following the N+stop sequence, and shading highlighting the nasal por-
tion of the N +stop sequence. 
(6) Acoustic waveforms for word-medial N+stop sequences. 5 
(a) 1.00 • 
i00-z25~2n3oo m JSO J7S 4004is 450 47SSOO'S2s sso m 600 625 650 675 100 ns 1so~~11s 900 
(i:pp'emf>a) 'com on the cobb' 
J.OOAlldio 
(b) 
.~ sos 
[kwiijk•a] 'to give to ' 
VOT measurements for the prenasalized stops reveal interesting patterns. 
Measurements ranged from - 38ms to - 7ms (average - 16ms) for the voiced prena-
salized stops, and from 59ms to 109ms (average 74ms) for the voiceless prenasalized 
stops, with the voiceless stops having longer VOT, as expected. VOT is known to 
vary with place of articulation, with the longest VOT attributed to dorsal stops 
(Peterson & Lehiste 1960). Such was the case with our data, with the labial (rpph] 
having the shortest VOT (21 ms to 76ms, average 49ms), the velar rnkh] having the 
longest VOT (47ms to 130ms, average 78ms), and the coronal [!Jth] nearly as long 
as the velar at 37ms to 98ms VOT (average 71ms). This relatively long VOT for the 
coronal stop results in a perceived voiceless tap (r] or trill [f] following the release 
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of the stop. The long burst o 
acoustic data in (7). 
(7) 
1.00 Audio 
/JJi 
- 1.00 
250 300 350 400 •-
Given the acoustic data in se 
nasal in prenasalized sequences 
plete effacement or whether it is -
atory aerodynamic investigatio 
this, as well as to provide funhe 
in the next section. 
18.3. 
Aerodynamic measurements of o_ 
for the difficulty in acousticall. 
the oral pressure fluctuations in · ~ 
near-minimal pairs for the plo: 
words (depending on availabili . ~ 
each of the stops. Two stimuli co-· 
of the stops. The full list of sti 
presented orthographically in 
in order to eliminate possible 
the participant is fluent in En:: -
Chizigula orthography, the expez= 
the participant, whose visual -e 
A f r i c a ' s  E n d a n g e r e d  L a n g u a g e s  
= c  a m p l i t u d e  i n  t h e  v o i c i n g  o f  t h e  
n a s a l  i n  ( c ) .  C r o s s - l i n g u i s t i c a l l y ,  
.  a c r o s s  m o r p h e m e  b o u n d a r i e s  
=  o f  t h e  n a s a l  m a t c h e s  t h e  v o i c -
:  p r e c e d i n g  t h e  n a s a l  i s  v o i c e d .  
- · · o w i n g  t h e  r e l e a s e  o f  t h e  v o i c e -
" " ' a r k i n g  t h e  o n s e t  o f  v o i c i n g  f o r  
i n g  h i g h l i g h t i n g  t h e  n a s a l  p o r -
; .  ~"'quences. 
5  
. . _  ~ 6 2 5  6 s o  6 7. s  7 0 0 1 ' i S  1so-m·~5 •  
5 1 »  
- r e v e a l  i n t e r e s t i n g  p a t t e r n s .  
;<~;;: - l  6 m s )  f o r  t h e  v o i c e d  p r e n a -
- i . :  1  f o r  t h e  v o i c e l e s s  p r e n a s a l i z e d  
e x p e c t e d .  V O T  i s  k n o w n  t o  
" O T  a t t r i b u t e d  t o  d o r s a l  s t o p s  
-~ o u r  d a t a ,  w i t h  t h e  l a b i a l  [ r p p h ]  
- 9 m s ) ,  t h e  v e l a r  r n k h ]  h a v i n g  t h e  
~e c o r o n a l  [ 1 ; i t h ]  n e a r l y  a s  l o n g  
T h i s  r e l a t i v e l y  J o n g  V O T  f o r  t h e  
~ o r  t r i l l  [ J ]  f o l l o w i n g  t h e  r e l e a s e  
S o m a l i  C h i z i g u l a  S t o p s  
4 3 5  
o f  t h e  s t o p .  T h e  l o n g  b u r s t  f o l l o w i n g  t h e  r e l e a s e  o f  t h e  s t o p  i s  h i g h l i g h t e d  i n  t h e  
a c o u s t i c  d a t a  i n  ( 7 ) .  
( 7 )  
A c o u s t i c  d a t a  f o r  [ g . t h a n g u l u ]  ' b a s k e t ' .  
l . O O f f f i o  
jiMrl~1mmmw~~~1mm~~~r~w~-
-1.oo2·'°"5a~~Joo~-=35"'0--.~00~~4=50~~500~-=550~-600=-~6=50~~100~-~150~-soo=-~85=0~~900~-=95~u--1000=--10=50~-1 
G i v e n  t h e  a c o u s t i c  d a t a  i n  s e c t i o n  1 8 . 2 ,  o n e  c a n n o t  a s s e r t  w h a t  t h e  s t a t e  o f  t h e  
n a s a l  i n  p r e n a s a l i z e d  s e q u e n c e s  i s - t h a t  i s ,  w h e t h e r  t h e  n a s a l  h a s  u n d e r g o n e  c o m -
p l e t e  e f f a c e m e n t  o r  w h e t h e r  i t  i s  m e r e l y  d e v o i c e d .  A s  s u c h ,  w e  c o n d u c t e d  a n  e x p l o r -
a t o r y  a e r o d y n a m i c  i n v e s t i g a t i o n ,  m e a s u r i n g  n a s a l  a n d  o r a l  a i r f l o w  t o  d e t e r m i n e  
t h i s ,  a s  w e l l  a s  t o  p r o v i d e  f u r t h e r  e v i d e n c e  f o r  t h e  i m p l o s i v e s .  W e  p r e s e n t  t h e s e  d a t a  
i n  t h e  n e x t  s e c t i o n  .  
1 8 . 3 .  A n  e x p l o r a t o r y  a e r o d y n a m i c  i n v e s t i g a t i o n  
1 8 . 3 . l .  I N T R O D U C T I O N  
A e r o d y n a m i c  m e a s u r e m e n t s  o f  o r a l  a n d  n a s a l  a i r f l o w  w e r e  c o l l e c t e d  t o  c o m p e n s a t e  
f o r  t h e  d i f f i c u l t y  i n  a c o u s t i c a l l y  d e t e c t i n g  d e v o i c e d  n a s a l s ,  a s  w e l l  a s  t o  i l l u s t r a t e  
t h e  o r a l  p r e s s u r e  f l u c t u a t i o n s  i n  t h e  l a b i a l  i m p l o s i v e s  a n d  t h e i r  c o n t r a s t i n g  p l o s i v e s .  
1 8 . 3 . 2 .  M E T H O D S  
A  t o t a l  o f  6 7  t o k e n s  w a s  r e c o r d e d  a n d  a n a l y z e d .  I n  a d d i t i o n  t o  f i v e  m i n i m a l  a n d  
n e a r - m i n i m a l  p a i r s  f o r  t h e  p l o s i v e / i m p l o s i v e  c o n t r a s t ,  b e t w e e n  f i v e  a n d  e i g h t  
w o r d s  ( d e p e n d i n g  o n  a v a i l a b i l i t y )  c o n t a i n i n g  a  p r e n a s a l i z e d  s t o p  w e r e  s e l e c t e d  f o r  
e a c h  o f  t h e  s t o p s .  T w o  s t i m u l i  c o n t a i n i n g  s y l l a b i c  n a s a l s  w e r e  a l s o  s e l e c t e d  f o r  e a c h  
o f  t h e  s t o p s .  T h e  f u l l  l i s t  o f  s t i m u l i  c a n  b e  f o u n d  i n  A p p e n d i x  A .  T h e  s t i m u l i  w e r e  
p r e s e n t e d  o r t h o g r a p h i c a l l y  i n  b o t h  C h i z i g u l a  a n d  E n g l i s h  o n  a  c o m p u t e r  s c r e e n  
i n  o r d e r  t o  e l i m i n a t e  p o s s i b l e  c o n f u s i o n  w i t h  s y n o n y m s  i n  C h i z i g u l a .  A l t h o u g h  
t h e  p a r t i c i p a n t  i s  f l u e n t  i n  E n g l i s h  a n d  w o r k e d  w i t h  r e s e a r c h e r s  t o  d e v e l o p  t h e  
C h i z i g u l a  o r t h o g r a p h y ,  t h e  e x p e r i m e n t e r  r e a d  t h e  E n g l i s h  g l o s s  f o r  e a c h  w o r d  t o  
t h e  p a r t i c i p a n t ,  w h o s e  v i s u a l  f i e l d  w a s  p a r t i a l l y  o b s t r u c t e d  b y  t h e  n a s a l  a n d  o r a l  
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masks. Following the experimenter's prompt, the participant said the token in 
Chizigula three times. 
Aerodynamic data were gathered using the Scicon R&D system, containing a 
nasal mask, an oral mask, and a transducer.6 Although the aerodynamjc equipment 
allows for simultaneous acoustic and aerodynamic data collection, the resulting 
acoustic signal is muffled. For this reason, acoustic recordings were also obtained 
separately on the same occasion, using a Shure SMlOA head-mounted unidirec-
tional dynamic microphone and a Zoom H4n recorder in a sound-attenuated room. 
Data were collected and analyzed using the MacquirerX software package from 
Scicon R&D. 
When utilizing the nasal and oral masks, the equipment collects four channels of 
signals. In each of the illustrations below (examples (8)-(11)), the top signal shows 
the (muffled) audio, the second and third signals show oral airflow and pressure, 
and the bottom signal shows nasal airflow. All channels were recorded at a sample 
rate of 22,050Hz, with the aerodynamic channels set to a l 50Hz filter rate with a 
gain of 8. The presence of the audio signal, though muffled, helps to identify seg-
mental boundaries as they may correspond to fluctuations in the airflow and pres-
sure signals. 
Using acoustic landmarks, measurements were also obtained for VOT to dis-
tinguish between implosives and voiced plosives and to establish the boundaries of 
aspiration in the voiceless prenasalized stops. Additionally, the length of voicing 
of the nasal portions of N+stop sequences was measured to determine the extent 
of devoicing in such sequences. As mentioned previously, data for this preliminary 
study were collected from only one speaker. 
18 .3.3. RESULTS 
18.3.3.1. Voiced plosive/implosive contrast 
Other preliminary descriptions of Somali Chizigula contend that implosives 
occur only in prenasalized contexts (Odden et al. 2011). However, as illustrated 
in (2) above, implosives are present in all places of articulation and in both word-
initial and word-medial positions. Aerodynamically, the distinction between plo-
sive and implosive is evidenced by a buildup of oral pressure prior to the plosive's 
release, and a lack of such buildup in the implosive segments. 
Here we see a buildup in oral pressure prior to the release of the plo-
sive as in (8a), leading to the release burst seen in the acoustic signal in (3) . 
Somali Chizigula Stops 
During the closure for the i -
ing of the larynx, as shown -
oral stop closure. 
(8) Aerodynamic data for 
(a) [kub0asa] 
In addition to examining rl-e : 
all tokens. Measurements ran; x. 
voiced plosives to - 103ms to - -
the mask, we were unable to 
lowing section. 
Examining the N+stop sequ 
followed by oral stops and pre::: 
for the syllabic nasal in (9) ill -- ~ 
(shaded) followed by a sustain 
no burst release. 
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- < " !  p a r t i c i p a n t  s a i d  t h e  t o k e n  i n  
o n  R & D  s y s t e m ,  c o n t a i n i n g  a  
- · c  d a t a  c o l l e c t i o n ,  t h e  r e s u l t i n g  
, _ c  r e c o r d i n g s  w e r e  a l s o  o b t a i n e d  
__  f l Q A  h e a d - m o u n t e d  u n i d i r e c -
: : c i e r  i n  a  s o u n d - a t t e n u a t e d  r o o m .  
_ . , u i r e r X  s o f t w a r e  p a c k a g e  f r o m  
p m e n t  c o l l e c t s  f o u r  c h a n n e l s  o f  
5  8 } - - ( l  1 ) ) ,  t h e  t o p  s i g n a l  s h o w s  
s h o w  o r a l  a i r f l o w  a n d  p r e s s u r e ,  
2 - I l n e l s  w e r e  r e c o r d e d  a t  a  s a m p l e  
- s e t  t o  a  1 5 0 H z  f i l t e r  r a t e  w i t h  a  
m u f f l e d ,  h e l p s  t o  i d e n t i f y  s e g -
t i o n s  i n  t h e  a i r f l o w  a n d  p r e s -
~,, t o  e s t a b l i s h  t h e  b o u n d a r i e s  o f  
i o n a l l y ,  t h e  l e n g t h  o f  v o i c i n g  
~asured t o  d e t e r m i n e  t h e  e x t e n t  
- . o u s l y ,  d a t a  f o r  t h i s  p r e l i m i n a r y  
g u l a  c o n t e n d  t h a t  i m p l o s i v e s  
_ _  2 0 1 1 ) .  H o w e v e r ,  a s  i l l u s t r a t e d  
: - a r t i c u l a t i o n  a n d  i n  b o t h  w o r d -
. · .  t h e  d i s t i n c t i o n  b e t w e e n  p l o -
p r e s s u r e  p r i o r  t o  t h e  p l o s i v e ' s  
< " ! s e g m e n t s .  
•  o r  t o  t h e  r e l e a s e  o f  t h e  p l o -
i n  t h e  a c o u s t i c  s i g n a l  i n  ( 3 ) .  
S o m a l i  C h i z i g u l a  S t o p s  
4 3 7  
D u r i n g  t h e  c l o s u r e  f o r  t h e  i m p l o s i v e ,  o r a l  p r e s s u r e  i s  f a i r l y  s t a b l e  d u e  t o  t h e  l o w e r -
i n g  o f  t h e  l a r y n x ,  a s  s h o w n  i n  ( 8 b ) .  I n  t h e s e  e x a m p l e s ,  t h e  s h a d i n g  h i g h l i g h t s  t h e  
o r a l  s t o p  c l o s u r e .  
( 8 )  A e r o d y n a m i c  d a t a  f o r  v o i c e d  p l o s i v e  a n d  i m p l o s i v e  c o n t r a s t .  
( a )  
[ k u b f i a s a ]  ( b )  [ k u 6 a s a ]  
0 . 0 1  I A u d i o  
0.0 1  
-0.011=====~~========= 
- 0 . 1 2 r = = = = = = = = = = =  
·a l  p r e s s u r e  0 . I 2 0 r a 1  p r e s s u r e  
I  - . . - 1 1 " " " \  _ _ _ _ _  r v - - , _  
4 9 7 0 0  4 9 8 0 0  4 9 9 0 0  5 0 0 0 0  5 0  I  0 0  5 0 2 0 0  5 0 3 0 0  5 0 4 0 0  
-0-12~-
0 . 1 2  V a S a i a i r t i O W  
~u 
'-~~~~~-~~~~~~~~~-
4 1 3 0 0  4 1 4 0 0  4 1 5 0 0  4 1 6 0 0  4 1 7 0 0  4 1 8 0 0  4 1 9 0 0  
I n  a d d i t i o n  t o  e x a m i n i n g  t h e  b u i l d u p  i n  o r a l  p r e s s u r e ,  w e  m e a s u r e d  V O T  f o r  
a l l  t o k e n s .  M e a s u r e m e n t s  r a n g e d  f r o m  - 9 8 m s  t o  - 4 5 m s  ( a v e r a g e  - 6 9 m s )  f o r  t h e  
v o i c e d  p l o s i v e s  t o  - 1 0 3 m s  t o  - 7 9 m s  ( a v e r a g e  - 1 0 3 m s )  f o r  t h e  i m p l o s i v e s .  O w i n g  
t o  a r t i c u l a t o r y  r e s t r i c t i o n s  r e l a t e d  t o  t h e  t u b i n g  t h a t  r e l a y s  o r a l  p r e s s u r e  f r o m  
t h e  m a s k ,  w e  w e r e  u n a b l e  t o  c o l l e c t  o r a l  p r e s s u r e  d a t a  f o r  t h e  c o r o n a l  a n d  d o r s a l  
i m p l o s i v e s .  A e r o d y n a m i c  d a t a  f o r  p r e n a s a l i z e d  i m p l o s i v e s  i s  p r e s e n t e d  i n  t h e  f o l -
l o w i n g  s e c t i o n .  
1 8 . 3 . 3 . 2 .  N + s t o p  s e q u e n c e s  
E x a m i n i n g  t h e  N + s t o p  s e q u e n c e s ,  r e c a l l  f r o m  ( 5 )  t h a t  t h e r e  a r e  b o t h  s y l l a b i c  n a s a l s  
f o l l o w e d  b y  o r a l  s t o p s  a n d  p r e n a s a l i z e d  s t o p s  i n  t h e  l a n g u a g e .  A e r o d y n a m i c  d a t a  
f o r  t h e  s y l l a b i c  n a s a l  i n  ( 9 )  i l l u s t r a t e s  r o b u s t  n a s a l  a i r f l o w  d u r i n g  t h e  n a s a l  p o r t i o n  
( s h a d e d )  f o l l o w e d  b y  a  s u s t a i n e d  p e a k  i n  o r a l  p r e s s u r e  s i g n i f y i n g  a n  o r a l  s t o p ,  w i t h  
n o  b u r s t  r e l e a s e  .  
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(9) Aerodynamic data for [qipaka]. 
0.01 Audio 
-0.01 1---------' 
0.12 Oral airflow 
-0.12 t:::============================= 
0.12 Oral pressure 
-0.12 I:::============================== 0.12 Nasal airflow 
-0.12 '-------------------
1250 1500 1750 2000 
Likewise, in the prenasalized voiced stop in (10), nasal airflow is robust in the 
shaded nasal portion. However, the amplitude in the nasal tapers, and the oral stop 
is much shorter than the oral stop in (9)- the N+stop sequence containing the syl-
labic nasal is approximately twice as long as the prenasalized voiced stop (183ms 
and 91 ms, respectively). Moreover, the oral pressure builds up as the nasal airflow 
declines before the release of the stop. 
Somali Chizigula Stops 
(10) Aerodynamic data for[~ - -
0.01 Audio 
-0.01 I============ 
0.12 Oral airflow 
- 0.12 I===========~ 
0.12 Oral pressure 
- 0.12 I===========~ 
0.12 Nasal airflow 
250 
In (11), the inaudible nonsyll - ~ 
clearly visible in the form of n~ 
the sequence. Also visible is the 
which results in aspiration folio -
A f r i c a ' s  E n d a n g e r e d  L a n g u a g e s  
~000 
n a s a l  a i r f l o w  i s  r o b u s t  i n  t h e  
- i !  n a s a l  t a p e r s ,  a n d  t h e  o r a l  s t o p  
~-op s e q u e n c e  c o n t a i n i n g  t h e  s y l -
- r - e n a s a l i z e d  v o i c e d  s t o p  ( l  8 3 m s  
~builds u p  a s  t h e  n a s a l  a i r f l o w  
S o m a l i  C h i z i g u l a  S t o p s  4 3 9  
( 1 0 )  A e r o d y n a m i c  d a t a  f o r  [ m f > e h o ] .  
0 . U l  I A u d i o  
- 0 . 0 1  •  
0 . 1 2  I  O r a l  a i r f l o w  
- 0 . 1 2  r = = = = = = = = = = = = = = = = = = = = = = = = = = =  
0 . 1 2  I  O r a l  p r e s s u r e  
- 0 . 1 2  - - - - - - - - - - - - - - - - - -
0 . 1 2  I N a s a l a i r f l o w  
- 0 . 1 2  . . . . . _  _ _ _ _ _ _ _ _ _ _ _ _ _  _  
2 5 0  5 0 0  7 5 0  
1 0 0 0  
I n  ( 1 1 ) ,  t h e  i n a u d i b l e  n o n s y l l a b i c  n a s a l  i n  t h e  v o i c e l e s s  N + s t o p  s e q u e n c e s  i s  
c l e a r l y  v i s i b l e  i n  t h e  f o r m  o f  n a s a l  a i r f l o w  ( s h a d e d )  d u r i n g  t h e  n a s a l  p o r t i o n  o f  
t h e  s e q u e n c e .  A l s o  v i s i b l e  i s  t h e  b u i l d u p  o f  o r a l  p r e s s u r e  d u r i n g  t h e  n a s a l  p o r t i o n ,  
w h i c h  r e s u l t s  i n  a s p i r a t i o n  f o l l o w i n g  t h e  r e l e a s e  o f  t h e  o r a l  s t o p .  
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(11) Aerodynamic data for (111phalala]. 
0.01 Audio 
--0.121========================== 
0.12 Oral pressure 
--0.121=========================== 
0.12 Nasal airflow 
750 1000 1250 1500 1750 2000 
Measuring the length of the N+stop sequence here (which could not be done 
by looking solely at the acoustic signal), notice that the prenasalized voiceless 
stop is almost as long as the syllabic nasal followed by the voiceless plosive (at 
156ms). Interestingly, recall that the VOT for these segments ranges from 59ms to 
109ms-closer to the measurement for the entire N+stop sequence in the voiced 
prenasalized stops. 
Overall, looking at the aerodynamic data has allowed us to confirm contrast 
between plosives and implosives, as well as to confirm the presence of nasal airflow 
in the voiceless prenasalized plosive. 
Somali Chizigula Stops 
18.4. -
the current state of stops in 
VOT contrast, showing that o _ -
sives, we also provide aerod) 
in spite of the complete lack o -
ized stops. Additionally, with - ;-
entire N+stop sequence in the.~ 
the length of the entire 
speakers has created a unique 
developed independently. Init 
complete effacement of the n -
dynamic data, we are now able - : 
absence of any perceptual aco.....:-
could lead to a reanalysis of eff; 
tion of whether we are witne-~-= 
remain devoiced in spite of the -
The status of N+stop seque:; 
the theoretical status of the se:- _ 
sequences should be accounted :-
Durvasula 2009; Sagey 1986: '-. 
ment as a consonant cluster De 
study illustrate that the VOT o" ;:-
to the length of the entire 
finding is in agreement with the 
nasalized consonants in Poko 
the noisy portion of the nasal H 
accurate description of Somali C-
trate how the application of ph -
oretical discussion and impo 
A f r i c a ' s  E n d a n g e r e d  L a n g u a g e s  
~000 
·~ " " ' e r e  ( w h i c h  c o u l d  n o t  b e  d o n e  
~ ' h a t  t h e  p r e n a s a l i z e d  v o i c e l e s s  
.-e e l  b y  t h e  v o i c e l e s s  p l o s i v e  ( a t  
~sc s e g m e n t s  r a n g e s  f r o m  5 9 m s  t o  
- : : - ~•stop s e q u e n c e  i n  t h e  v o i c e d  
- a l l o w e d  u s  t o  c o n f i r m  c o n t r a s t  
S o m a l i  C h i z i g u l a  S t o p s  
4 4 1  
1 8 . 4 .  A n a l y s i s  a n d  i n t e r p r e t a t i o n  
T h e  u s e  o f  b o t h  a c o u s t i c  a n d  a e r o d y n a m i c  d a t a  h a s  a l l o w e d  u s  t o  a c c u r a t e l y  d e s c r i b e  
t h e  c u r r e n t  s t a t e  o f  s t o p s  i n  S o m a l i  C h i z i g u l a .  I n  a d d i t i o n  t o  a c o u s t i c  d e t a i l s  o f  t h e  
V O T  c o n t r a s t ,  s h o w i n g  t h a t  v o i c e d  p l o s i v e s  a r e  a s p i r a t e d  a n d  c o n t r a s t  w i t h  i m p l o -
s i v e s ,  w e  a l s o  p r o v i d e  a e r o d y n a m i c  d a t a  t o  i l l u s t r a t e  t h a t  t h e r e  i s  r o b u s t  n a s a l  a i r f l o w  
i n  s p i t e  o f  t h e  c o m p l e t e  l a c k  o f  v o i c i n g  i n  t h e  n a s a l  p o r t i o n  o f  t h e  v o i c e l e s s  p r e n a s a l -
i z e d  s t o p s .  A d d i t i o n a l l y ,  w i t h  t h e  a s s i s t a n c e  o f  a e r o d y n a m i c  d a t a ,  t h e  l e n g t h  o f  t h e  
e n t i r e  N + s t o p  s e q u e n c e  i n  t h e  p r e n a s a l i z e d  v o i c e l e s s  s t o p s  w a s  f o u n d  t o  b e  s i m i l a r  t o  
t h e  l e n g t h  o f  t h e  e n t i r e  N + s t o p  s e q u e n c e  w h e r e  t h e  n a s a l  w a s  s y l l a b i c .  
1 8 . 5 .  D i s c u s s i o n  a n d  f u r t h e r  i m p l i c a t i o n s  
C e n t u r i e s  o f  l i t t l e  t o  n o  c o n t a c t  b e t w e e n  t h e  S o m a l i - B a n t u  a n d  T a n z a n i a n  K i z i g u a  
s p e a k e r s  h a s  c r e a t e d  a  u n i q u e  l i n g u i s t i c  s i t u a t i o n  i n  w h i c h  t h e  t w o  v a r i e t i e s  h a v e  
d e v e l o p e d  i n d e p e n d e n t l y .  I n i t i a l l y ,  w e  b e l i e v e d  t h a t  o n e  r e s u l t i n g  p r o c e s s  w a s  t h e  
c o m p l e t e  e f f a c e m e n t  o f  t h e  n a s a l  i n  v o i c e l e s s  p r e n a s a l i z e d  s e g m e n t s .  U s i n g  a e r o -
d y n a m i c  d a t a ,  w e  a r e  n o w  a b l e  t o  p r o v e  t h a t  n a s a l  a i r f l o w  i s  p r e s e n t  i n  s p i t e  o f  t h e  
a b s e n c e  o f  a n y  p e r c e p t u a l  a c o u s t i c  c u e s .  T h e  c u r r e n t  s t a t e  o f  t h e  d e v o i c e d  n a s a l  
c o u l d  l e a d  t o  a  r e a n a l y s i s  o f  e f f a c e m e n t  a s  ( n t  ~ nth~ yth~ t h ) ,  a n d  b e g s  t h e  q u e s -
t i o n  o f  w h e t h e r  w e  a r e  w i t n e s s i n g  a  c h a n g e  i n  p r o g r e s s ,  o r  w h e t h e r  t h e  n a s a l  w i l l  
r e m a i n  d e v o i c e d  i n  s p i t e  o f  t h e  l a c k  o f  p e r c e p t i b l e  a c o u s t i c  c u e s .  
T h e  s t a t u s  o f  N + s t o p  s e q u e n c e s  i n  B a n t u  h a s  p l a y e d  a  r o l e  i n  c o n v e r s a t i o n s  o n  
t h e  t h e o r e t i c a l  s t a t u s  o f  t h e  s e g m e n t .  W h i l e  s o m e  a r g u e  t h a t  n o n s y l l a b i c  N + s t o p  
s e q u e n c e s  s h o u l d  b e  a c c o u n t e d  f o r  a s  a  s i n g l e  s e g m e n t  ( C o h n  1 9 9 0 ;  D a r t  1 9 8 7 ;  
D u r v a s u l a  2 0 0 9 ;  S a g e y  1 9 8 6 ;  S h a d l e  &  S c u l l y  1 9 9 5 ) ,  o t h e r s  a r g u e  f o r  t h e i r  t r e a t -
m e n t  a s  a  c o n s o n a n t  c l u s t e r  ( D o w n i n g  2 0 0 5 ) .  A c o u s t i c  m e a s u r e m e n t s  f r o m  o u r  
s t u d y  i l l u s t r a t e  t h a t  t h e  V O T  o f  p r e n a s a l i z e d  v o i c e l e s s  s t o p s  w a s  s i m i l a r  i n  l e n g t h  
t o  t h e  l e n g t h  o f  t h e  e n t i r e  N + s t o p  s e q u e n c e  i n  t h e  p r e n a s a l i z e d  v o i c e d  s t o p .  T h i s  
f i n d i n g  i s  i n  a g r e e m e n t  w i t h  t h e  i n v e r s e  r e l a t i o n s h i p ,  s e e n  i n  d a t a  o n  v o i c e l e s s  p r e -
n a s a l i z e d  c o n s o n a n t s  i n  P o k o m o ,  b e t w e e n  t h e  d u r a t i o n  o f  V O T  a n d  t h e  l e n g t h  o f  
t h e  n o i s y  p o r t i o n  o f  t h e  n a s a l  ( H u f f m a n  &  H i n n e b u s c h  1 9 9 8 ) .  
F i n a l l y ,  t h e s e  a c o u s t i c  a n d  a e r o d y n a m i c  d a t a  h a v e  h e l p e d  u s  p r o v i d e  a  m o r e  
a c c u r a t e  d e s c r i p t i o n  o f  S o m a l i  C h i z i g u l a ,  a n  e n d a n g e r e d  l a n g u a g e ,  a n d  t h e y  i l l u s -
t r a t e  h o w  t h e  a p p l i c a t i o n  o f  p h o n e t i c  e x p e r i m e n t a l  m e t h o d s  c a n  c o n t r i b u t e  t o  t h e -
o r e t i c a l  d i s c u s s i o n  a n d  i m p o r t a n t  d o c u m e n t a t i o n  a n d  r e v i t a l i z a t i o n  e f f o r t s .  
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APPENDIX A: Word.list PRENASALIZED Id] 
PLOSIVE/IMPLOSIVE bafu 'selfish' 
bhafu 'basin' 
kubasa ' to reach' 
kubhasa ' to succeed, pass' 
bosi 'boss' PRENASALIZED lgl 
bhosi 'cripple' 
udala 'stinginess' 
udhale 'greediness' 
gane 'dormitory' 
ghana 'Ghana' 
PRENASALIZED ltl ntrambo 'journey' 
ntrangulu 'basket' PRENASALIZED lbl 
ntrende 'date ' 
ntreruka ' last born' 
ntrondo 'star' 
ntrwiga 'giraffe' 
ntrunguli 'gourd, vessel' 
PRENASALIZED [k] nkhasa 'lobster' PRENASALIZED ld'l 
nkhome 'sticks' 
nkhonde 'fist' SYLLABIC NASAL 
nkhuni 'firewood ' 
nkhwikwi 'hiccup' 
nkhunde 'beans' 
nkhuvi 'kind of vegetable' 
nkhola 'snail' 
PRENASALIZED [p] mphalala ' tassel on top of corn plant' 
mphanga 'swords' 
mphemba 'com on the cob' 
mp hem be 'corner, angle' 
mph era 'rhinoceros' 
A f r i c a ' s  E n d a n g e r e d  L a n g u a g e s  
S o m a l i  C h i z i g u l a  S t o p s  
4 4 3  
P R E N A S A L I Z E D  l d l  n d i m u  
' l e m o n '  
n d e r i  ' r a i n y  s e a s o n '  
n d i m a  
' w o r k '  
· s e l f i s h '  
n d o n i  ' b o a t '  
· L a s i n '  
n d e v u  ' b e a r d '  
· · o  r e a c h '  
n d e g e  
' a i r p l a n e '  
· - o  s u c c e e d ,  p a s s '  
· L o s s '  
P R E N A S A L I Z E D  l g l  n g a g a  
' h o o f '  
· c r i p p l e '  
n g a n o  ' f o l k  t a l e '  
n g o h e  ' e y e l a s h '  
· s t i n g i n e s s '  
n g o l a  
' k n i f e '  
· g r e e d i n e s s '  
n g a m i r a  
' c a m e l '  
· d o r m i t o r y '  
n g a l a w a  
' s h i p '  
· G h a n a '  
n g u v u  
' s t r e n g t h '  
n g w a z o  
' h o o k '  
· j o u r n e y '  
· b a s k e t '  
P R E N A S A L I Z E D  l b l  m b e  
' v e r y '  
" d a t e '  
m b e h o  ' c o l d  w i n d '  
· J a s t  b o r n '  
m b o g a  ' v e g e t a b l e ( s ) '  
· s t a r '  
m b o k o  ' b a n a n a  t r e e '  
· g i r a f f e '  
m b u n i  
' c o f f e e  p l a n t '  
· g o u r d ,  v e s s e l '  
m b i s i  
' r a w '  
· t o b s t e r '  
P R E N A S A L I Z E D  l c f l  n d o d o  ' n o t  e n o u g h '  
· s t i c k s '  
· " ' s t '  
S Y L L A B I C  N A S A L  
m t a m a  ' c o r n '  
· f i r e w o o d '  
m t i  
' t r e e '  
· h i c c u p '  
m k o k o  ' s q u a s h  p l a n t '  
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N o t e s  
*  T h e  a u t h o r s  w i s h  t o  t h a n k  M r .  M w a l i k o  M b e r w a  a n d  t h e  S o m a l i  B a n t u  Z i g u a  
C o m m u n i t y  i n  B o i s e  f o r  t h e i r  t r e m e n d o u s  s u p p o r t  t h r o u g h o u t  t h i s  p r o j e c t ,  a s  w e l l  a s  H a l e y  
B o o n e  f o r  h e l p  w i t h  i n t e r - r a t e r  r e l i a b i l i t y  f o r  a c o u s t i c  m e a s u r e m e n t s .  W e  a r e  a l s o  i n d e b t e d  
t o  t h e  e d i t o r s  o f  t h i s  v o l u m e ,  a s  w e l l  a s  t o  o u r  a n o n y m o u s  r e v i e w e r s  f o r  s u g g e s t i o n s  a n d  
c r i t i q u e  t h a t  h e l p e d  u s  g r e a t l y  i m p r o v e  t h i s  m a n u s c r i p t .  T h i s  r e s e a r c h  w a s  f u n d e d  t h r o u g h  
a  B o i s e  S t a t e  U n i v e r s i t y  A r t s  a n d  H u m a n i t i e s  I n s t i t u t e  F e l l o w s h i p .  W o r k  o n  t h e  l a r g e r  
C h i z i g u l a  d o c u m e n t a t i o n  p r o j e c t  i s  a l s o  s u p p o r t e d  b y  t h e  I d a h o  H u m a n i t i e s  C o u n c i l .  
I .  L a n d  t h a t  n o w  m a k e s  u p  s o u t h e r n ,  c e n t r a l ,  a n d  n o r t h e a s t e r n  S o m a l i a  w a s  c o l o n i z e d  
a s  I t a l i a n  S o m a l i l a n d  f r o m  I  8 8 9  u n t i l  1 9 3 6 .  D u r i n g  t h i s  t i m e ,  I t a l i a n  w a s  t h e  o f f i c i a l  l a n -
g u a g e  o f  t h e  c o l o n y .  
2 .  A l t h o u g h  t o n e  h a s  b e e n  r e p o r t e d  i n  T a n z a n i a  K i z i g u a ,  a n d  a  p r e l i m i n a r y  a n a l y s i s  o n  
S o m a l i  C h i z i g u l a  v e r b a l  t o n e  i s  p r e s e n t e d  i n  P i l l i o n  ( 2 0 1 3 ) ,  w e  h a v e  n o t  i n c l u d e d  t o n e  i n  
t h i s  c h a p t e r  a s  o u r  a n a l y s i s  o f  i t  i s  s t i l l  i n  d e v e l o p m e n t .  
3 .  I n  t h e  a c o u s t i c  i l l u s t r a t i o n s ,  t h e  g r a y  v e r t i c a l  l i n e s  d e m a r k  5 0 m s  i n t e r v a l s  u n l e s s  
o t h e r w i s e  n o t e d .  
4 .  T h e  p r e s e n c e  o f  t h e  n a s a l  i s  o n l y  a u d i b l e  w i t h  t h e  a d d i t i o n  o f  a  C V  p r e f i x .  
5 .  G r a y  v e r t i c a l  l i n e s  d e m a r k  2 5 m s  i n t e r v a l s  i n  t h e  e x a m p l e s  i n  ( 6 ) .  
6 .  T h e  m a s k s  a n d  t r a n s d u c e r s  u s e d  f o r  t h i s  i n v e s t i g a t i o n  a r e  t h e  2 0 1 3  m o d e l  o f  t h e  
S c i c o n  R & D  s y s t e m  d e s c r i b e d  i n  c h a p t e r  3  o f  L a d e f o g e d  ( 2 0 0 3 ) .  
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O n l i n e :  h t t p : / / w w w . l i n g r e f . c o m / c p p / a c a l / 4 4 / p a p e r 3  I  4 5 .  p d f .  
W O O D B UR Y ,  A N T H O N Y  C .  2 0 1 1 .  L a n g u a g e  d o c u m e n t a t i o n .  T h e  C a m b r i d g e  H a n d b o o k  o f  
E n d a n g e r e d  L a n g u a g e s ,  e d .  b y  P e t e r  K .  A u s t i n  &  J u l i a  S a l l a b a n k ,  1 5 9 - 1 8 6 .  C a m  b r i d g e ,  
V . K . :  C a m b r i d g e  U n i v e r s i t y  P r e s s .  
